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Dark cells (DC) could be reproducibly demonstrated 
by differential toluidine-blue staining and electron mi-
croscopy (EM) of NYLR/Nya 16- to 19-day embryo and 
new born skin and phorbol ester-treated or untreated 
young adult skin. High-voltage electron microscopy on 
the same or adjacent sections showed that toluidine-blue 
staining picks out some but not all the DC seen by EM. 
The ultrastructure of DC was similar in all the above 
situations, except that phorbol ester-induced DC showed 
a less contracted nucleus. No support was obtained for 
DC as stem cells either for basal-cell hyperplasia or for 
development of hair follicle or gland outgrowths. Most 
of the severely contracted DC (Types 3 and 4) were 
assumed to have undergone an apoptotic type of cell 
death. Two phenomena that may have caused the con-
traction and apoptosis were observed. Formation of a 
"contraction vacuole" adjacent to the DC probably led 
to a loss of intercellular communication. An apparent 
necrosis of dermal capillaries in areas of abundant fol-
licle downgrowth probably produced local anoxia. Fur-
ther characterization of DC requires a search for cyto-
chemical or immunologic markers, analysis of intracel-
lular calcium and other elements, and the cloning of 
subpopulations of basal cells that can be selectively in-
duced to form DC. 
The term "dark cells" has been applied by many authors to 
strongly basophilic cells that stand out among their more lightly 
staining neighbors. The term has been carried over into electron 
microscopy (EM) to describe scattered cells with crowded ri -
bosomes and dense chromatin. Some workers [1,2] identify 
particular dark cells (DC) as nondifferentiated stem cells, while 
others assume that they are necrotic [3,4], or that denseness or 
contraction has been produced as a specimen-preparation arti-
fact [5,6]. 
It is not known to what degree contraction, increased pro-
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duction of ribosomes, or intracellular accumulation of highly 
basophilic or osmophilic substances contribute to the dense 
staining. Hence it is premature to group all DC together as a 
single class. 
Recent studies [1,2,7,8] have explored the possibility that DC 
are special target cells for tumor-promoter action. Our concern 
has been to examine their relationship to some types of invasive 
carcinoma cells. Recently we observed [9] that ascites carci-
noma cells invading mouse peritoneum assumed a dense con-
tracted state. We also found large numbers of ribosome-
crowded cells at the margins of human head-and-neck squa-
mous-cell carcinomas [10-13]. Our approach was to combine 
cytochemistry, EM [especially high-voltage electron micros-
copy (HVEM) stereoscopy of thick sections], and microbeam 
elemental analysis in the study of DC and invasive cells in skin 
and tumor, and in an in vivo invasion system model [9] and an 
organ-culture model for invasive carcinoma developed in ow-
laboratory by Sacks [14]. 
MATERIALS AND METHODS 
Female NYLR/ Nya mice [15] at various stages of development were 
used. To study a natmal hyperplasia situation, back skin was taken 
from 16-, 18-, and 19-day embryos (birth would have occurred at 20-21 
days) and from 1 3-day-old newborn mouse. To study the induction of 
DC by a tumor promoter, 12-0-tetradecanoyl phorbol-13-acetate 
(TPA)-treated or untreated young adu lt (7- to 9-week-old) skin was 
used. The TP A (2 p.g/ CCR Inc., Eden Prairie, Minnesota) in acetone 
(Spectranalyzed, Fisher Scientific, Fairlawn, New Jersey) was applied 
to the backs of young adult mice shaven 2 days previously and hence 
known to be either in or out of hair cycle. Back-skin specimens were 
taken 24 h later for EM and acid phosphatase localization. 
Specimens were prepared for EM by a technique that optimized [16] 
the differential toluiiline-blue staining of DC [8]. Animals were killed 
by cervical dislocation and the back sh aved with a fine electric clipper 
(this prevents adherence of a ir bubbles during embeddjng). Midback 
skin, about 1 mm thick, was removed and diced at once into 1.5-mm 
squares under cold fixative. Tissue was fixed in 3% glutara ldehyde in 
0.05 M s-collidine buffer (pH 7.4) for 2 hat 4°C, postfixed in 2% osmium 
tetroxide in 0.2 M cacodylate buffer (pH 7.4) for 2 h at 4 °C, and 
dehydmted in graded ethanols fo ll owed by propylene oxide. The spec-
imen was then infiltrated and embedded in Polybed 812 (Polysciences, 
Wan-ington, P ennsylvania). In most cases it was flat embedded so tha t 
sections could be readily cut perpendicular to the surface. Thin section 
were stained with 2% methanolic uranyl acetate for 10 min and with 
lead citrate [17] for 20 min, both at room temperatw·e. For HVEM the 
grids holding thick sections (0.5-3.0 p.m) were immersed in 2% aqueous 
uranyl acetate for 1-4 h at 50°C, rinsed for 1 min in distilled water, 
immersed in lead citrate (17] for 45-90 min a t room temperature, and 
washed with distilled water. 
The substrate for acid-phosphatase cytochemistry was cytidine 5'-
monophosphate (CMP) sodium salt (18] or para-nitrophenol phosphate 
sodium salt (PP) (19] (both from Sigma Chemical Corp., St. Louis, 
Missouri). The complete medium consisted of 5 ml each of 2 solut ions. 
Solution A: 2 ml of 0.2 M sodium acetate buffer, pH 5.0, plus 2.4 ml of 
1% Pb(N03)., l g sucrose, and HzO to make 10 mi. Solution B: 10 mg 
CMP or 10 mg of PP in 5 ml of HzO. 
Tissue (0.5-mm cubes) was incubated in the medium with or without 
CMP or PP for 60 min at 37°C, rinsed 3 times with 0.1 M cacodylate 
buffer, and fixed in 2% osmium tetroxide in 0.1 M cacodylate for 60 min. 
The material was dehydrated and embedded in epoxy resin as above. 
Thin sections of material stained for acid-phosphatase reaction product 
were photographed, with further staining of sections, in a long-focal-
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length Siemens Elmiskop I EM at 60 k V. This procedure, together with 
the use of increased negative density, gave high contrast for detection 
of acid-phosphatase reaction product. 
For toluidine-blue staining of thick sections for ligh t microscopy 
(LM) survey prior to EM, the sections were heated on a warm plate for 
15 sin a solution of 1.5 g of toluidine blue and 2 g of sodium borate per 
100 ml of distilled water. 
The Albany 1.2-MV AEI-Kratos EM7 Mkll HVEM was operated at 
1.0 and 1.2 MV. Stereo pairs for determining the axis of basal cell 
division (to be reported separately) were obtained with the tilt a ngles 
recommended by Beeston [20] for viewing with a hand viewer at 2x 
magnification. Panoramic views of complete thick sections were con-
structed from low-magnification micrographs obtained either in the 
conventional image mode or in the special high-contrast low-magnifi-
cation mode (X63 X630) with a weakly excited objective lens. Other 
details of HVEM techniques have aheady been reported [21]. 
RESULTS 
The natural abundance of DC in the back skin of newborn 
(0- to 3-day-old) mice makes it the best material for defining 
the various types of DC. 
Newborn Mouse Skin 
The differential toluidine-blue staining procedure for 1.0-llm 
Epon sections was optimized [16] and compared with EM on a 
cell-by-cell basis. This was carried out by medium-voltage 
electron microscopy (MVEM) of adjacent thin sections or 
HVEM of adjacent thick sections (0.5-1.0 /lm) . In some cases 
the toluidine blue-stained section was examined directly in the 
HVEM with or without additional section staining. Approxi-
mately 100% of positive toluidine blue-stained DC (Fig 1) could 
be recognized as DC by HVEM of adjacent thick sections. By 
HVEM, approximately 32% additional DC were seen than by 
toluidine-blue staining (apparently as a result of light toluidine-
blue staining, failure to resolve narrow DC in the LM, or 
blurring of LM resolution in wrinkled sections). MVEM or 
HVEM evaluation of DC was more reliable, and panoramic 
low-magnification views provided adequate statistical accuracy. 
DC of newborn hyperplastic skin were classified according to 
the degree of contraction and density of the cytoplasm and 
nucleus. Examples are indicated in Figs 2-6. Type 1 DC (Fig 3) 
show a slight increase in density over the majority of the basal 
cells and only slight contraction. Type 2 DC (Fig 4) are denser 
but also have only slight contraction. Type 3 DC (Fig 5) are 
much denser and more contracted (often leaving a space or 
"contraction vacuole" between themselves and adjacent cells or 
the basal lamina) . Type 4 DC (Fig 6) are similar to Type 3, 
except that they showed a disintegrating, contracted nucleus or 
an absent nucleus, as indicated by LM and HVEM of adjacent 
thick (1-!lm) sections. "Sentinel" DC with a "squeezed-out" 
appearance frequently occurred at the margins of developing 
follicles or glands. However, to simplify the analysis we re-
stricted it to DC occm'l'ing among interfollicular basal cells 
(IFBC). In a count of 80 IFBC the percentages of DC types 
were approximately 25% Type 1, 23% Type 2, 41% Type 3, and 
11% Type 4. Types 3 and 4 DC appeared to disperse condensed 
cytoplasm into the cytoplasm of suprabasalar cells. 
There was no indication that DC correlated with the stem 
cell said to be associated with the Langerhans cell at the center 
of the "epidermal proliferating unit" [22]. Vacuolated stromal 
cells (NV) were frequent in the dermis close to the dermal-
epidermal junction. 
Embryo Mouse Skin 
Between days 16-20 after conception, the mouse back skin 
undergoes rapid structural changes [23,24]. 
16 Days: A spinous cell layer forms between the flattened 
periderm and the developing basal cell layer. All the basal cells 
were simple in structure, with packed ribosomes and few organ-
elles and tonofllaments. The basal cells showed a weak affinity 
for the differential toluidine-blue stain and by EM did not stand 
out with extra density and they could not be classified as DC. 
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18-19 Days: Both granulosa and cornified cell layers were 
developed. There was only a slight increase in affinity of the 
toluidine-blue stain at 19 days, but by EM DC could be readily 
identified in 18- and 19-day skin. The types of DC were the 
same as for newborn skin, but total numbers were much lower. 
Cell division was frequent among basal cells (6.8%, with 1.3% in 
metaphase; and 5.5%, with condensed prophase chromosomes). 
No mitoses could be positively identified in DC. HVEM of 0.5-
to 1.0-!lm sections was used to ascertain the direction of the 
axis of cell division in case the axis had an influence on crowding 
or on other possible effects of DC induction. The axis at 18-19 
days was approximately perpendicular to the basal lamina (Fig 
7) so that a daughter basal cell would be shifted directly into 
the suprabasallayer. 
Young Adult (7- to 9- Weeh-Old) Mouse Shin 
DC were much scarcer but showed the same range of DC 
types seen in embryo and neonate skin. Contracted Types 3 
and 4 DC showed small or very large (Fig 8) "contraction 
vacuoles," where the dense cytoplasm appeared to have con-
tracted away from the adjacent basal cell to leave a vacuole 
containing remnants of cytoplasmic structures. NV were rare. 
There was no special association of infiltrating epidermal mono-
nuclears (e.g., Langerhans cells) with the DC. 
TPA-Treated Young Adult (7- to 9- Week-Old) Mouse Shin 
(Non-Hair Cycling) 
In agreement with previous reports [1,2,7,8] a large increase 
in DC occmTed 24 h after a single treatment with 2 /lg of TP A. 
DC occurred mainly in clumps, with some DC having migrated 
to a horizontal position in the suprabasallayer (Fig 9) and with 
very light basal cells taking their place. Infiltrating mononuclear 
cells were frequently associated with these clumps of DC. Types 
1-4 DC similar to the DC of normal skin could be distinguished, 
but the cytoplasm was seen to become dense more indepen-
dently of the nucleus, which often appeared rounded and only 
slightly contracted (Fig 9) . The DC stained densely by the 
differential toluidine-blue stain in proportion to their density in 
electron micrographs of the adjacent thin or thick sections and 
in a manner similar to that of untreated newborn or adult skin. 
The dermis contained only small numbers of NV seen in late 
embryo and newborn skin. 
Lysosome Morphology and Acid Phosphatase Cytochemistry 
of DC 
Contrary to expectation, we found that embryo, newborn, 
and adult DC (even with the necrotic appearance of Types 3 
and 4) showed only slight acid-phosphatase reaction in the 
spaces between DC and light basal cells. To check this, the 
acid-phosphatase reaction was repeated using the broader-spec-
ificity substrate PP. A similar result was obtained. (Both sub-
strates gave satisfactory staining of activated lysosomes and 
phagosomes in necrotic regions of a rat mammary carcinoma). 
However, weak phosphatase activity correlated with scarcity of 
lysosomes, phagosomes, and other morphologic signs of intra-
cellular lysis in the DC. 
Slightly more acid-phosphatase reaction product was ob-
tained with DC produced by TP A treatment, with a small 
number of marginal positive-reacting phagosomes and an in-
creased amount of product between adjacent cells. 
Correlations of Dermal Features with Number and Location 
of DC 
The distribution of both DC and NV as a percentage of IFBC 
is given in Fig 10. 
The control of epidermis differentiation exerted by the dermis 
is well known [25,26]. We suspected that the NV might influ-
ence DC production (or vice versa). 
As indicated in Fig 10, NV peak in frequency just before and 
just after birth with low incidence in 18-day embryo and young 
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FIG 7. E ighteen-day embryo back skin. Thick section (0.5 !IDl) viewed in HVEM at 1.0 MV acceleration voltage and in the low magnification 
mode. The axis of cell division is approximately perpendicular to the basal lamina at this stage of development, hence the unkeratinized daughter 
cell will be placed du·ectly into the keratinized suprabasal layer. B ar = 2 p.m. 
FIG 8. Back skin of normal adult NYLR/Nya mouse. Lat Type 3 CD in an extreme, contracted state. A very large contraction vacuole ( CV) 
contains fragments of membranes. Smaller vacuoles are at V. The apical cytoplasm (arrowheads) appears to be disintegrating. Bar= 2 ftm. 
FIG 9. Low-power view of young adult (7- to 9-week-old ) back skin 24 h after a s ingle treatment with 2 ~<g of TPA. The DC are clustered 
together with many a lready lying horizontally in the suprabasal layer. Theil· place is being taken by very light basal ce lls (BC) containing few 
tonofilam ents. Some DC are very vacuolated ( V). Most show a very dense cytoplasm but with nuclei showing a minimum of contraction. 
Nonkeratinocyte mononuclear cells (M) are associated with the mass of DC. There ar e no vacuolated stromal cells in the dermis close to the 
basal lamina (compare with Fig 2). Arrowhead, contraction vacuole. B ar= 10 ftm. 
FIG 1. Differential toluidine-blue staining of a 1.0 1-Lm-thick epoxy section of newborn mouse skin. DC (arrowheads) a1·e seen on either side of 
a developing ha ir follicle or gland and in the IFBC region. Bar = 10 ftm. 
FIG 2. Newborn mouse skin. A portion (about one-fourth) of a complete panoramic view obtained by HVEM of the entu·e 0.5 ftm-thick section 
that was adjacent to the 1.0-!-Lm section used for toluidine-blue staining in Fig 1. T he bra.chets indicate the whole region of Fig 1. DC Types 1-4 
(see text) and location are shown (numbers). T ypes 3 and 4 are on either side of a developing hair follicle or gland. Types 1 and 2 are in the IFBC 
region. In the dermis, adjacent to the basal lamina (arrowheads), ru·e many s tromal cells (*) with dense nuclei pushed to one side by a lru·ge 
cytoplasmic vacuole. Bar= 10 r<m. 
FIGS 3- 6. Thin sections of T ypes 1-4 from the same newborn mouse skin illustrated by HVEM of a thick. section in F ig 2. Fig 3: Type 1 DC 
surrounded by light basa l cells. There is probably a minimum of contraction, and the ribosomes ru·e more closely packed (arrowhead) than in 
adjacent light ce lls. There is a higher density of single tonofilaments. Mitochondria a re slightly swollen but other organelles apperu· normal. Bar 
= 2 ftm. Fig 4: T ype 2 DC with more closely packed ribosomes and tonofLlaments than in T ype I . Moderate co11traction and more swollen 
mitochondria. The nucleru· chromatin is densely packed. There are never vacuoles by the side of Types 1 a nd 2 DC (frequently present with 
Types 3 and 4). Morphologic lysosomes or phagosomes are rru·e, and the basal lamina (arrowheads) rru·ely shows signs of breakdown. Bar= 2 
ftm. Fig 5: Mru·ked contraction with narrow attachment to the basal lamina and very dense cytoplasm and nucleoplasm. T he nucleru· envelope is 
irregular. Large vacuoles with fragments of membranes between the DC and adjacent cells are common (arrowhead). T he dense cytoplasm 
shows addi tional vacuoles including swollen mitochondria. B ar = 2 fL111 . Fig 6: Type 4 DC with condensed material t hat may represent 
disintegration of the nucleus. Between these condensates there ru·e spaces (arrowhead) free of ribosomes that probably represent residual 
nucleoplasm. Dermal cell with vacuole at NV. Bar= 2 l<m. 
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FIG 10. The frequency of DC (types 2- 4) in normal embryo, new-
born, and young adult (7-9 weeks) and TPA-treated young adult back 
skin as a percentage ofinterfollicular basal cells (IFBC) (shaded bars). 
The fTequency of NV is also given as a percentage of the adjacent IFBC 
(open bars ). Error bars indicate SD above and below the mean. 
adult skin. Thus there is im approximate correlation with the 
occurrence of DC in the basal layer. Particularly striking is the 
fact that NV did not increase in frequency following TP A 
treatment, while the DC count rose to high frequency (40 ± 6% 
of IFBC). In case the NV were influencing the induction of DC 
(or vice versa) we looked for correlations in position of DC with 
NV across the basal lamina in newborn skin. The number of 
stromal NV within a radius of 3 basal-cell widths from the 
center of a basal DC was counted for each type of DC (1-4) and 
for all types combined. Similarly, the DC within 3 basal-cell 
widths of the center of NV cells were counted. NV association 
with DC or with light cells had no statistical significance. 
Similarly there was no obvious association of NV with the very 
widely spaced DC of young adult epidermis. 
However, long stretches of IFBC (about 25 basal cells) with-
out follicle or gland outgrowths in the nearby dermis showed 
few late-stage (Types 3 and 4) DC. Adjacent to these stretches 
was a fairly regularly spaced line of 5 or more capillaries just 
beneath the basal lamina containing red blood cells and with 
no signs of necrosis. DC were more frequent in areas where 
there was abundant outgrowth and the capillaries appeared 
degenerate (Fig 2). A curious feature was the occasional bleb-
bing out of cytoplasm into adjacent stromal cells to give the 
appearance of a large vacuole in the dermal cell. This may 
relate to the occasional absence of basal lamina seen beneath 
DC. 
A comparison of DC distributions at the edges and in the 
interior of tissue blocks showed no differences, suggesting that 
delayed diffusion of fixative was not a factor in producing DC 
in ow- material. 
DISCUSSION 
Our results confirm that DC can be identified reproducibly. 
Taking into account size variation in different mouse strains 
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and matw-ation differences, the occw-rence, distribution, and 
morphology of DC in normal and TPA-treated NYLR/Nya 
mouse back skin is similar to that reported for Swiss-Webster 
1CR mice [7) and SENCAR mice [1,2,8). However, DC are 
reported not to occur in normal or TPA-treated guinea pig skin 
[27). The HVEM enabled us to establish the extent of correla-
tion of DC stained with toluidine blue with DC identified by 
HVEM of the same section, or HVEM or MVEM of adjacent 
sections. 
Morphologically, we assessed all Type 4 cells (about 11% or 
total DC) to be necrotic, in addition to an unknown fraction of 
Type 3 (up to 41% of total DC), giving a range of 11-41% as 
possibly necrotic. Mitoses were not seen in Type 3 or 4 cells. 
For the lighter Types 1 and 2 it would have been difficult to 
recognize contracted or dense cytoplasm in dividing basal cells. 
Also the contracted state of Types 3 and 4 DC resembles certain 
forms of apoptotic cell death [19,28,29) involving shrinkage of 
nucleus and cytoplasm and some vacuolization of mitochondria, 
endoplasmic reticulum, and nuclear envelope. The DC differ 
from the usual description of apoptosis in that condensation of 
chromatin is even, without marginal clumping, and phagocy-
tosis of apoptotic bodies by adjacent squamous cells (which 
occw·s in sunbw-ned skin [30) and some cervix carcinomas [31] 
is absent. A more uniform chromatin contraction with similar 
cytoplasmic contraction and vacuolization occw-s in degener-
ating neurons of anoxic brain [6]. Cell death of DC appears to 
be uniformly of the contracted-cell type, whereas cell death in 
some types of radiation damage (e.g., low-dose irradiation of 
primitive mouse oocytes) shows both cytolysis and apoptosis 
[32). 
Because of the unusual sensitivity of epidermal cells to con-
traction produced by osmolarity changes dw-ing fixation (isoos-
molar-fixative buffers produce severe "prickling" of squamous 
cells), we cannot rule out the possibility that part or all of the 
DC contracted state represents a response to fixation of a 
sensitized subpopulation of basal cells. · 
Another possible factor in DC induction is the loss of inter-
cellular communications and metabolic cooperation in TPA-
treated keratinacytes [33,34]. In both TPA-treated and un-
treated skin we see obvious "contraction vacuoles" which ap-
pear to be due to a violent shrinkage of the DC away from the 
adjacent basal cell or basal lamina (Figs 8, 9). These vacuoles 
may represent either significant loss of intercellular communi-
cation or the introduction of plasma-membrane leakiness and 
consequent intracellular ion disturbance. 
Crowding must be considered a possible factor in the produc-
tion of DC since. very thin "squeezed-out" DC occw· at the 
junctions of a follicle or gland outgrowth and the IFBC (Figs 1, 
2). Crowding by basal-cell proliferation must also be considered. 
Mitoses of basal cells are frequent in NYLR/Nya mice at days 
18-19 of embryonic growth. At this time (near birth), when D C 
are most frequent, the axis of mitosis is vertical (Fig 7) so that 
daughter cells are placed into the suprabasal layer without 
crowding. One to two weeks after birth [35] the axis of mitosis 
changes to horizontal in certain strains of mice. This change of 
direction would seem to enhance basal-lamina crowding at a 
time when the DC number is rapidly diminishing. 
The most important question with respect to DC is their 
significance in relation to hyperplasia, tumor-promoter activity, 
and tumor progression. Divergent views have been expressed. 
Same workers, on encountering DC have classified them a 
necrotic cells. DC of early carcinoma of the cornea were iden-
tified as dying cells [3] since they resembled similar cells in 
degenerative, nonneoplastic diseases of the cornea [ 4). In em-
bryos they are sometimes considered as examples of pro-
grammed cell death (29). DC have been shown to result from 
inadequate diffusion of fixative into tissue blocks (liver (5], 
new-ons [6]). As stated in Results, there is no indication that a 
fixative diffusion artifact is producing DC in our experiments. 
We consider that Types 1, 2, and possibly some of Type 3 aTe 
viable. With respect to the viable types of DC, Slaga et al (2) 
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state that "the dark basal keratinocytes induced by TPA appear 
to be primitive stem cells that normally are found in large 
numbers in embryonic and newborn skin, but are present only 
in very small numbers in adult skin." Our work does not allow 
us to comment on the claim that D C are uniquely produced by 
partial or complete promoters (2]. We found no support, how-
ever, for DC as stem cells for hyperplastic skin since hyperplasia 
continued for some days after DC number had decreased con-
siderably. We also could find no convincing evidence that skin 
adnexia (follicles and glands) originated near clusters of DC. 
Also, follicle or gland development and hyperplasia proceed in 
guinea pig skin in the absence of D C [27]. Strikingly, 2-stage 
carcinogenesis is difficult to produce in guinea pig skin [27]. 
DC of mor phology similar to those of murine and human 
hyperplastic and normal skin are found in papillomas and skin 
carcinomas in situ [12]. We agree that D C proba bly play a 
special role in carcinoma development in some mammals. 
We thank Dr. M . King and Dr. P . Sacks for crit ical reading of the 
manuscript. 
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